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2000-111731 
(Translation) 
[DOCUMENT NAME] Specification 

[TITLE OP THE INVENTION] Method for verifying amount of 
sample solution, method for controlling measurement system and 
method for measuring concentration of solution in apparatus 
for measuring optical characteristic 
[CLAIMS] 

[Claim 1] A method for verifying an amount of a 
sample solution comprising the steps of: 

(a) detecting at least one selected from the group 
consisting of a transmitted light component, a scattered light 
component and a reflected light component of a light by a 
photosensor while irradiating a sample solution, which is 
being injected into a sample cell, with said light; and 

(b) verifying that a predeteunined amount of said 
sample solution is held in said sample cell based on a change 
in an output signal from said photosensor. 

[Claim 2] The method for verifying an amount of a 
sample solution in accordance with claim 1, 

wherein it. is .verified that said predetermined amount rt _ v 

of said sample solution is held in said sample cell based on 
the fact that a state, in which an absolute value of an amount 
of change in said output signal per hour is a first 
predetermined value or less, has continued for a first 
predetermined time or longer in the step (b). 
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CClaim 3] The «« TOrtf7lnB m * 01 3 

sample solution IB accordance with dtf 1 . 

an Inflow of said sample —i- into said 

fha « aet ttoat said absolute 
sample cell is demoted based on the fact tha 

^e ha, become a second predetermined value or abater. 

follow .d W vermin, that .aid predetermined amount of said 

,ample action is held in .aid sampla cell based on the .act 

. state, in which aaid absolute value of an amount - 

^ * «,* m »i nor hour is the first 
change in said output signal per ho 

* ^ or- less has continued for the first 
predetermined value or less, 

jr*.^*. Hot-ftctinq said inflow in 
predetermined time or longer, after detecting saa 

the step (b). 

leui. 4] Tha method for verifying an amount of 

action in accordance with claim 3- 
wherein the aaoond pr^etermined value is greater 
taan the first predetermined value. 

td*. 5] The method for verifying an amount of a 
.ample solution in accordance with claim 1. 

serein a transmitted light component is detected in 
«. step ,.). -d it is verlfiad that said predetermined 
M of aaid^le solution la held in aaid sample ceU 
bas ed on the fact that said output sign* has become a third 
predetermined value or greater in the step (b) . 

(cledJ , 61 The method for verifying an amount of a 
aample solution in accordance with clad*. 1. 

wherein a scattered light component is detected In 
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the step (a), and it is verified that said predetermined 
amount of eald sample solution is held in said sample cell 
based on the fact that said output signal has become a fourth 
predetermined value or less in the step (b). 

[ Claim 7] The method for verifying an amount of a 
sample solution in accordance with any one of claims 1 to 6, 

wherein said sample solution is a urine, and a urine 
discharged in a bowl space of a toilet bowl is injected into 
said sample cell in the step (a). 

[Claim 8] A method for controlling a measurement 
system comprising a step of: 

(o) measuring an optical characteristic of said 
sample solution, after verifying that a predetermined amount 
of said sample solution is held in said sample cell with the 
method for verifying an amount of a sample solution in 
accordance with any one of claims 1 to 7* 

[Claim 9] The method for controlling a measurement 
system in accordance with claim 8, further comprising a step 
of i 

verifying that said sample solution has become stable 
based on the fact that a state, in which said absolute value 
of said amount of change in said output signal per hour is a 
fifth predetermined value or less, has continued for the 
second predetermined time or longer, after the step (b) of 
verifying that a predetermined amount of said sample solution 
is held in said sample cell, followed by conducting the step 
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(c) of measuring an optical characteristic of said sample 
solution . 

[Claim 10] The method for controlling a measurement 
system in accordance with claim 9, 

wherein the fifth predetermined value is less than 
the second predetermined value. 

(Claim 11] The method for controlling a measurement 
system in accordance with any one of claims 8 to 10, 

wherein the irradiated light in the step (a) is also 
used for measuring said optical characteristic in the step (c) . 

[Claim 12] The method for controlling a measurement 
system in accordance with any one of claims 8 to 11, 

wherein said sample solution is transfused from said 
sample cell to another sample cell after the step (b) , and the 
rest of the steps are conducted thereafter. 

[Claim 13] The method for controlling a measurement 
system in accordance with any one of claims 8 to 12, 

wherein a light, which has been transmitted through 
said sample solution and further an analyzer, is detected by a 
photosensor to measure an angle of rotation of said sample 
.solution in the step <c). using said output signal from said 
photosensor as a transmitted light component. 

[Claim 14] The method for controlling a measurement 
system in accordance with any one of claims 8 to 13, 
comprising the steps of: 

(d) discharging said sample solution from said sample 
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cell after the step (c): and then 

(e) washing said sample cell. 

[Claim 15] The method for controlling a measurement 
system in accordance with claim 14, 

wherein the steps (d) and (e) are conducted 
simultaneously by replacing said sample solution in said 
sample cell with a cleaning solution. 

[Claim 16] The method for controlling a measurement 
system in accordance with any one of claims 8 to 15, 

wherein said sample solution is a urine, the steps 
(a) to (c) are conducted after said sample cell installed in a 
position closed to a side wall of a toilet bowl is moved into 
a bowl space of said toilet bowl, and then the rest of the 
steps are conducted after said sample cell is restored to the 
initial position . 

[Claim 17] The method for controlling a measurement 
system in accordance with any one of claims 8 to 16, 

wherein said sample solution is a urine, the steps 
(a) and (b) are conducted after said sample cell installed in 
a position closed to a side wall of a toilet bowl is moved 
into a bowl space of said toilet bowl, and the rest of the 
steps are conducted after said sample cell is restored to the 
initial position. 

[Claim 18] ilie method for controlling a measurement 
system in accordance with claim 16 or 17, 

wherein a urine and/or a cleaning solution is 
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discharged into a toilet bowl. 

[Claim 19] A method for measuring a concentration of 

a solution comprising a step of i 

measuring an optical characteristic of said sample 
solution by mixing a predetermined amount of a reagent with 
said sample solution in the method for controlling a 
measurement system in accordance with any one of claims 8 to 
18. followed by measuring a concentration of a specif io 
substance contained in said sample solution. 

[Claim 201 A method for measuring a concentration of 
a solution comprising a step of: 

measuring an angle of rotation of said sample 
solution to measure a concentration of an optically active 
substance contained in said sample solution in the method for 
controlling a measurement system in accordance with any one of 
claims 8 to 18 and then mixing a reagent with said sample 
solution, followed by measuring an optical characteristic of 
said sample solution thereby to measure a concentration of a 
specific substance contained in said sample solution. 
I DETAILED DESCRIPTION OP THE INVENTION] 
[00011 

[Technical Field to Which the Invention Belongs] 
The present invention relates to a method for 
verifying an amount of a sample solution, a method for 
controlling a measurement system and a method for measuring a 
concentration of a solution used for measuring an optical 
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characteristic of a liquid sample solution. 

They are the methods for verifying that a saiople 
solution is held in a sample cell in an amount required for 
measurement when it is supplied into the sample cell, and 
extremely effective particularly when a concentration of the 
sample solution is measured by injecting a reagent into the 
sample solution, because it is necessary to fix or control the 
volume ratio of the sample solution and the reagent . 

Further, when the sample solution is a urine, the 
urine can be directly discharged into the sample cell, and 
therefore, simplicity and high reliability of urinalysis and 
compactness and lower price of urinalysis apparatus can be 
achieved, resulting in high practicability, 
[0002] 

[Prior Art] 

In general, when measuring an optical characteristic 
of a sample solution, the sample solution is held in a sample 
cell. This sample cell has such structure that a light 
propagates through the inside of the sample solution held 
therein- For example, the sample cell is made of a glass or 
the like, has the shape of a rectangular solid, and the light - 
transmitting surface thereof is transparent. In order to 
measure an optical characteristic of the sample solution, it 
is necessary to supply a predetermined amount of the sample 
solution into such a sample cell. Normally, such a sample 
cell has an opening at the top, through which the 
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predetermined amount of the sample solution is supplied by a 
dropper, pipette, syringe or the like- 

Further, when measuring a concentration of a specific 
substance in a sample solution, a predetermined amount of a 
reagent is mixed vlth a predetermined amount of the sample 
solution thereby to fix the volume ratio of the sample 
solution and the reagent, and then an optical characteristic 
of an analyte in the sample solution is measured to determine 
the concentration thereof. It has hitherto been necessary to 
supply a predetermined amount of a sample solution into the 
sample cell in order to fix the volume ratio of the sample 
solution and the reagent, and therefore, there has been 
required a step of placing the sample solution in a beaker or 
the like beforehand, and measuring it by a pipette, a syringe 
or the li*e to determine the volume, and then supplying the 
sample solution into the sample cell. This step presents not 
only a problem of complicating the measurement of a 
concentration of the sample solution, but also that of making 
an error due to a mistake during the measuring operation more 

likely to occur. 

Further, when the sample solution is a urine, it is 
necessary to measure the urine once discharged into a cup or 
the like, and then supplying it into the sample cell in a 
predetermined amount. This is troublesome especially when 
urinalysis is carried out at home and also presents another 
problem of causing the user to have a great reluctance. 
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[0003] 

[Problem That the Invention Is to Solve] 
In view of the above problems in the prior art, it is 
an object of the present invention to provide a method for 
verifying that a predetermined amount of a sample solution is 
held in a sample cell during the sample solution is inflowed 
into the sample cell- Particularly, when a urine is tested, 
it is a method for verifying that a predetermined amount of a 
urine required for a test is held in a sample cell while the 
urine discharged into a toilet bowl is received by a container 
or the sample cell itself in a bowl space of the toilet bowl. 

According to this method, without previously 
measuring the amount of the sample solution and supplying it 
into the sample cell, the mixing ratio of the both can be 
fixed or controlled by fixing or controlling only an amount of 
the reagent required for measurement of the sample solution. 

Namely, the present invention provides a method for 
controlling a measurement system that facilitates automation 
of measurement of a sample solution and enables greater 
efficiency and labor saving of the measurement and the test, 
and a method for measuring a concentration of a. solution using 
this 
[0004] 

[Means for Solving the Problem] 
In order to solve the above problems, the present 
invention f ixst provides a method for verifying an amount of a 
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sample solution comprising toe steps of : (a) detecting at 
least one selected from the group consisting of a transmitted 
light component, a scattered light component and a reflected 
light component of a light by a photosensor while irradiating 
a sample solution, which is being injected into a sample cell, 
with the light: and (b) verifying that a predetermined amount 
of the sample solution is held in the sample cell based on a 
change in an output signal from the photosensor. Herein, the 
inflow of the sample solution may be suspended upon the 
verification. 

Namely, the present invention utilizes the fact that 
a transmitted light component, scattered light component and 
reflected light component of the above light change in 
response to the fact that the surface of the sample solution 
being injected Into the sample cell rises so that the solution 
surface traverses a fixed optical path of an irradiated light 
into the sample solution. 

In this case, it is effective to verifying that the 
predetermined amount of the sample solution is held in the 
sample cell based on the fact that a state, in which an 
absolute value of an amount of change in the output -signal .per 
hour is the first predetermined value or less, has continued 

for the first predetermined time or longer in the step (b). 

10005] 

Also, it is effective to detect an inflow of the 
sample solution into the sample cell based on the fact that 



PAGE 12182 1 RCVD AT 812812006 1:46:13 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-3I6 ' DNIS:2731258 » CSlD:2027568t»87 « DURATION (mm-ss):1846 



11 



the absolute value has become a second predetermined value or 
greater, followed by verifying that the predetermined amount 
of the sample solution is held in the sample cell based on the 
fact that a state, in which the absolute value of an amount of 
change in the output signal per hour is the first 
predetermined value or less, has continued for the first 
predetermined time or longer, after detecting the inflow in 
the step (b) - 

It is preferable that the second predetermined value 
is greater than the first predetermined value. 

Also, it is effective to detect a transmitted light 
component in the step (a) and to verify that the predetermined 
amount of the sample solution is held in the sample cell based 
on the fact that the output signal has become a third 
predetermined value or greater in the step (b) . 

Also, it is effective to detect a scattered light 
component in the step (a) and to verify that the predetermined 
amount of the sample solution is held in the sample cell based 
on the fact that the output signal has becomB the fourth 
predetermined value or less in the step (to) . 

w^en .the sample solution is a urine, it is effective. . .. .. 

to inject a urine discharged into a bowl space of a toilet 

bowl into the sample cell in the step (a) . 

[0006] 

Next, the present invention also provides a method 
for controlling a measurement system comprising the step of: 
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(c) measuring an optical characteristic of the sample solution, 
after verifying that a predetermined amount of the sample 
solution is held in the sample cell with the above-described 
method for verifying an amount of a sample solution. Herein, 
after verifying that the predetermined amount of the sample 
solution is held in the sample cell, the inflow of the sample 
solution may be suspended. 

This method for controlling a measurement system is a 
method for controlling a measurement system, which is used for 
a measurement of an optical characteristic, in an optimum 
condition for the measurement, and it is effective to further 
verify that the sample solution has become stable based on the 
fact that a state, in which the absolute value of the amount 
of change in the output signal per hour is a fifth 
predetermined value or less, has continued for the second 
predetermined time or longer, after the step (b) of verifying 
that a predetermined amount of a sample solution is held in 
the sample cell, followed by step (c) of measuring an optical 
characteristic of the sample solution. 

It is preferable that the fifth predetermined value 
is less than the second predetermined value. 

Also, it is effective to use the irradiated light in 
the step (a) for measuring the optical characteristic in the 
step (c). 

Also, the sample solution may be transfused from the 
sample cell to another sample cell after the step (b), and the 
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of the steps may be conducted thereafter. In this case, 
the former sample cell is used only for trapping the 
p^determined amount of the sample solution, and the rest of 
the steps, such as a measurement of an optical characteristic, 
are conducted in the latter sample cell- 
[0007 J 

in the above method for controlling a measurement 
system, a light, which has been transmitted through the sample 
solution and further an analyzer, can be detected by a 
photosensor to measure an angle of rotation of the sample 
solution in the step (c). using the output signal from the 
photosensor as a transmitted light component. 

Also, it is possible to include the steps of: (d) 
discharging the sample solution from the sample cell after the 
step (c); and then (e) washing the sample cell. 

Also, it is effective that the steps (d) and (e) are 
conducted simultaneously by replacing the sample solution in 
tha sample cell with a cleaning solution. 

Further, it is effective that the sample solution is 
a urine, the steps (a) to (c) are conducted after the sample 
cell installed in a position closed to a side wall of a toilet 
bowl is moved into a bowl space of the toilet bowl, and then 
the rest of the steps are conducted after the sample cell is 
restored to the initial position. 

Also, it is effective that the sample solution is a 
u^e, the steps (a) and (b) are conducted after the sample 
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conducted after the sample cell is 
the rest of the steps are conducted ax 

^stored to the initial position. 

Also, it is preferable that the urine and/or the 

, ««n are discharged into the toilet bowl, 
cleaning solution are aiBw«u-i* 

100081 ^the, the present invention also Prides a — 
for — g a concentration of a solution comprising a step 
of an optical ^acteristie of the solution 

* ^ing a preyed a^unt of a reagent with the 
BOl ution in the above method for controls a n.asurenent 

« ^ measuring a concentration of a specif ic 
system, followed by measuring 

substance contained in the sample solution. 

Also, it provides a method for measuring a 

_^^,_4 na a step of measuring an 
concentration of a solution comprising 

, rotation of the sample solution to measure a 
angle of rotation 

^.txon « - active — =e * 

„ ma ^ — • . • — * -» - « 

«. ,^xe solution «—* t. — • ' *» ^ 01 * 

*. in the sample solution, 

specific substance contained in the samp 

[0009] 

[Mode for Embodying the invention] 

AB discussed above, the present invention relates to 
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a method for verifying an amount of a sample solution, and a 
method for controlling a measurement system and method for 
measu ring a concentration of a solution using this. Therefore, 
the method for verifying an amount of a sample solution in 
accordance with the present invention will he described first. 

As a result of diligent studies on the relation 
between a level of a sample solution in a sample cell and an 
optical power propagating through the sample solution by using 
the apparatus for measuring an optical characteristic shown in 
FIG. 1. the present Inventor has accomplished the method for 
verifying an amount of a sample solution in accordance with 

the present invention. 

First, such measurement will be described below in 
detail with reference to FIG. 1. FIG. 1 is a view showing the 
configuration of an apparatus for measuring an optical 
Characteristic measurement used for carrying out the method of 
the present invention. 
(00101 

In FIG. 1. a skeleton of a sample cell 1 of the 
present invention is a container made of aluminum which has 
the shape of a rectangular solid, an opening at the top,,and a. 
glass plate as an optical window embedded on both ends of the 
optical path (not shown), so that it allows a light to be 
transmitted through a sample solution while holding the sample 
solution therein. The distance from the lowermost part of a 
fi urf ace 2 of the sample solution to the bottom of the sample 
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cell 1 is indicated with "d" . The distance of the long axis 
of this sample cell, that is, the distance between the optical 
windows is 50 mm. the distance of the short axis is 10 mm. and 
the propagating distance in the sample solution is 50 mm. The 
apparatus for measuring an optical characteristic shown in FIG. 
1 comprises a funnel 3 for temporarily trapping the sample 
solution, an electromagnetic valve 4 for controlling the 
dropping of the sample solution trapped in the funnel 3 into 
the sample cell 1, and a pipette 5 for injecting a 
predetermined amount of a reagent into the sample solution. A 
semiconductor laser module as a light source 6 projects a 
substantially parallel light 7, which has the shape of a 
circle, a wavelength of 670 nm, an intensity of 3.0 mW and a 
beam radius of 1.0 mm. in a direction perpendicular to the 
optical windows of the sample cell 1. i.e., in the z direction. 
This substantially parallel light 7 propagates in a direction 
parallel to the bottom of the sample cell 1, and the optical 
axis indicated with the dash-dotted line is located at a 
height of 6 mm from the bottom. In other words, the center of 
the circle of the cross section of the substantially parallel 
light 7 is. located at a height of 8 mm from the bottom of the _ 
sample cell 1. Then, a photosensor 8 for detecting a light 
transmitted through the sample solution sends an output signal 
"S", and a computer 9 analyzes the output signal S from the 
photosensor 8 to control the electromagnetic valve 4, the 
pipette 5 and the light source 6. 
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(00111 

Next, the shape of the cross section of the beam of 
the substantially parallel light 7 is circular, and the 
direction of an electric field thereof is indicated with x in 
FIG. 1- This substantially parallel light 7 is a Gaussian 
beam, whose optical power density on the optical axis 
increases to the maximum at the cross section perpendicular to 
the propagating direction. Then, it decreases with the 
distance from the optical axis at the cross section of the 
beam in accordance with the following- formula (1): 

I (r) = I (0) X exp (-2rVwo 2 ) W 
where, r is a distance (m) from the optical axis at the cross 
section of the beam: I (r) is a power density (W/m 2 ) at a 
distance of r from the optical axis; I (0) is a power density 
( W/m >) on the optical axis; and * is a distance (m) at which 
the power density is l/e a of I (0), in which e is a natural 
logarithm. 

With respect to the beam radius of the substantially 
parallel light 7 described above, it is defined as; beam 
radius = Wo - 1-0 mm. The power included within this beam 
radius r is obtained by Integrating the power density, and 
approximately 86.5% of the total power is present within the 
radius wo. Sfcnilarly, approximately 99.97% of the total power 
is present in the 2 Wo. which is two times the beam radius. 

Herein, this substantially parallel light 7 is a 
parallel light in terms of geometrical optics, however, in 
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actuality, it increases in the beam diameter as it propagates 
owing to the diffraction effect. However, there is no harm in 
substantially considering it as a parallel light for the size 
shown in the present invention. 
[0012] 

Thus, when the lowermost part of the surface 2 of the 
sample solution is located at the height two times the beam 
radius, from the optical axis of the substantially parallel 
light 7. that is, when d = 10 mm, an optical power that is 
approximately 99.97% of the total power propagates through the 
sample solution. At this time, 5 ml or more of the sample 
solution is held in the sample cell 1. 

On the other hand, when the lowermost part of the 
solution surface 2 is located at a height of B mm from the 
bottom of the sample cell 1. i.e.. when d « 8 mm, only an 
optical power that is about a half of the total power 
propagates through the sample solution. 

The reason why the optical power propagating through 
the sample solution decreases in such a way when the solution 
surface 2 is located within the beam of the substantially 
parallel light 7 is that optical phenomena of reflection, 
refraction and diffraction concurrently occur -on the solution 
surface thereby to diffuse the beam. For this reason, in the 
case where the photo detective area of the photosensor 8 
perfectly coincides with the cross section of the 
substantially parallel light 7 , when d < 10 mm, the optical 
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power reaching the photosensor 8 remarXably decreases. That 
is# in the case where the photo detective area of the 
photosensor 8 has the shape of a circle having a radius of 1 
m ^ei the center thereof coincides with the optical axis of 
the substantially parallel light 7. when d < is 10 mm, the 
optical power reaching the photosensor 8 significantly 
decreases owing to the diffusion of the beam. Furthermore, 
this diffusion of the beam is greatly influenced by the 
fluctuation of the solution surface, and thus the optical 
power reaching the photosensor 8 does not stabilize. 
[0013] 

Next, the output signal S from the photosensor 8 was 
meaS ured when a sample solution was dropped into the sample 
cell 1 from the funnel 3 at 0.5 ml/sec. using the apparatus 
for measuring an optical characteristic shown in FIG- 1. The 
result is shown in FIG. 2. TIG. 2 is a graph showing the 
relation between the output signal S from the photosensor 8 
and the distance d from the bottom of the sample cell to the 
lowermost part of the solution surface. In FIG. 2. the 
horizontal axis indicates the distance d from the bottom of 
the sample cell 1 to the lowermost pari: of the solution 
" surface, and the vertical axis indicates the output signal S 
from the photosensor 8, and 8 was adjusted to be 1.0 V when d 
^ 10 urn. 

Herein, when the sample solution was dropped Into the 
sample cell 1 shown in FIG. 1 at the above dropping rate, d 
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PAGE 22182 



becomes 1 mm one second after the dropping was started. 
Therefore, t* horizontal axis of FIG. 2 also indicates the 
elapsed ti*e since the start of the dropping of the sample 
solution. It should be noted that the sample solution is 
Oroppad into the sample cell 1 along the plane thereof without 
any optical w^dow, so that the sample solution is not present 
in the optical path of the substantially parallel light 7 

during the dropping. 

A. show. i« FIG. 2. no influence of the Maple 
solution is observed until d becomes approximately 6-0 a, 
howS ver. «hen d - 6.0 to 10 mm. the output signal S 
significantly changes under the influence of the diffusion of 
th. beam due to the reflation. reaction or diffraction 
beween the substantially parallel light 7 and the solution 
surface 2. and furthermore, the fluctuation of the solution 
BO rface. Then. When d is above 10 n. it apparently 
stabilises . 

as described above, the present inventor has directed 
^ attention to the fact that the optical power density 
propagating through the sample solution changes owing to the 
po3 itional relation between a rising solution surface and the 
bean axis, ***** accomplished the present invention by 
application of such a change. 

[0014] 

Namely, the most remarkable feature of the present 
Invention, in the method for verifying an amount of a sample 
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solution comprising steps of: detecting at least one selected 
from the group consisting of a transmitted light component, a 
scattered light component and a reflected light component of a 
light toy a photosensor while irradiating a sample solution, 
which is being injected into a sample cell, with the light: 
and verifying that a predetermined amount of the sample 
solution is held in the sample cell based on a change in an 
output signal from the photosensor, lies in verifying that the 
sample solution is inflowing into the sample cell, that a 
predetermined amount of the sample solution is held in the 
sample cell, and that a bubble or the lUce in the sample 
solution held in the sample cell has disappeared so that it 
has become stable, by measuring the output signal S and an 
absolute value |dS(t)/dt| of an amount of change in the output 

signal S per hour "t". 

Herein, the absolute value |dS(t)/dt| of the amount 
of change in the output signal S per hour t can be expressed 
as the gradient of the tangent in the graph shown in PIG. 2. 
Accordingly, in the present Invention, the method for 
verifying that a predetermined amount of a sample solution is 
held in the sample cell based on a change in the output signal 
from the photosensor, for example, on the basis of the test 
result shown in FIG. 2. can be exemplified by the following 

combinations. However, it is not limited to these. 

[0015] 

(1) An inflow of a sample solution is detected when 
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|dS(t)/at| has become a predetermined value {e.g., 0.1 V/sec, 
which is the absolute value of the gradient of the straight 
line ab) or greater. 

Subsequently, it is verified that a predetermined 
amount of the sample solution is held based on the fact that 
|dS(t)/dt| has become a predetermined value (e.g., 0.01 V/seo) 
or less and a predetermined time (e.g.. 0.5 second from the 
point c to the point d) or longer has elapsed thereafter. 

(2) An inflow of a sample solution is detected when 
|dS(t)/dt| has become a predetermined value (e.g., 0.1 V/sec, 
which is the absolute value of the gradient of the straight 

line ab) or greater. 

Subsequently, it is verified that a predetermined 
amount of the sample solution is held based on the fact that 
|dS(t)/dt| has become a predetermined value (e.g., 0.01 V/sec) 
or less and S has become a predetermined value (e.g., 0.8 V at 
the point e) or greater. 

(3) An inflow of the sample solution is detected 
when S has become a predetermined value (e.g., 0.5 V at the 
point f) or less. 

Subsequently, it is verified that a predetermined 
amount of the sample solution is held based on the fact that 
|dS(t)/dt] has become a predetermined value (e.g., 0.01 V) or 
less and a predetermined time (e.g., 0.5 second from the 
points c to the point d) or longer has elapsed thereafter. 
[0016] 
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Also. when controlling a measurement system of an 
optical apparatus by using the above method for verifying an 
amount of a sample solution. It is provable to carry out tie 
optical measurement after further measuring |dS(t)/dtl to 
verify that a bubble has disappeared or an impurity has 

, i so that the obstruction to 

gedimsnted in the sample solution, so max 

^ optical characteristic measurement has been eliminated 

from the optical path. 

Herein, although a predetermined value and a 
p^determlned time referred in this specif Ication vary 
spending on such condition, as the type end the component of 
the sample solution, the type of a light to irradiate the 
sample solution, the type of a light to be detected (a 
transmitted light component, a scattered light component 
and/or a reflected light compe^nt). they can be set in 
advance by conducting the above experiment. Which was carried 
out by the present inventor, for the respective types of the 
.ample solutions under a predetermined condition, and 

v. 0 „™i nn the relation between the output 
preparing a graph showing tne rexa*. 

signal from the photosensor and the distance from the bottom 
„ f the sample cell to the lowermost part of the solution 
.erface (or the elapsed time since the eta* of the dropping 
of the sample solution) as shown in PIG- 2- 

Then, by utilising such a principle, the present 
invention also provides a method for controlling a measurement 
system and a method for measuring a concentration of a sample 
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solution in the above -describe* apparatus for measuring an 

optical characteristic. 

[0017] 

Particularly, when a urine is used as the sample 
solution, it is applicable to a method for controlling a 
measurement system wherein, while the urine discharged into a 
toilet bowl is received by a sample cell moved into the bowl 
space and then transfused from the sample cell to another 
sample cell, the amount of the sample solution held In the 
former sample cell is verified by using the above method for 
verifying an amount of a sample solution. 

Also, it is applicable to a method for controlling a 
me asurement system wherein the amount of the sample solution 
he i d in the sa^le cell is verified by using the above method 
for verifying an amount of a sample solution, while the sample 
cell is moved into a bowl space of the toilet bowl to receive 
the urine discharged into the toilet bowl In the air. 

Further, it is also applicable to a method for 
verifying an amount of a sample solution and a method for 
controlling a measurement system wherein, while the urine 
. discharged into the toilet bowl is received in the air by the 
sample cell moved Into the bowl space, a transmitted light, 
component and/or a scattered light component and/or a 
reflected light component of the light that irradiated the 
urine In the sample cell are detected by a photosensor to 
verify that a predetermined amount of the urine is held in the 
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sample cell based on an output signal from the photosensor, 
followed by transfusing the urine to another sample cell for 
holding it to measure an optical characteristic of the urine. 

Hereinbelow. the present invention will be further 
described in detail by way of examples, but the present 
invention is not lUnited to these. 
[00181 

[Working Examples] 

«Example 1» 

Embodiment 1 of the present, invention using the 
apparatus for measuring an optical characteristic shown in PIG. 
1 will be described more concretely. 

First, with 5 ml or more of a sample solution being 
injected in a funnel 3 for trapping, a computer 9 sent an open 
signal to an electromagnetic valve 4, thereby starting the 
oropping of the sample solution in the funnel 3 into a sample 

cell 1 at 0.5 ml/sec. 

in the state of sending this open signal, the 
computer 9 was set to be in a state of being on standby for 
verifying the amount of the sample solution when an absolute 
value of an amount of change in an output signal S from a 
photosensor * per hour dS(t)/dt had become the second 
predetermined value or greater. For example, the state of 
being on standby for verifying the amount of the sample 
solution was set when the absolute value of the amount of 
change in the output signal S per hour dS(t)/dt had become 0.1 
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V/seo or greater in FIG. 2. 

100191 * v. . M on standby for verifying the 

in the state of bexng on stanaoy 

1& , oluti0 n and sending the open signal, it 
amount of the sample solution an 

•fled that a predetermined amount of the sample 
waB verged that gtat6 , ^ which the 

solution was held based on the fact th 

t*at «- predated ° £ «" sainpl* 

^ a state. — • ^ °- 01 V/Se ° " " ' 

~ ... — - — - a close TV" 

- FA a bv such a control, a 
sent to the electromagnetic valve 4. By 

or areater , and therefore. 5.25 ml or more of 
became 10.5 mm or greater, an 

tte sarcpla solute 

plB att. 5 to *** • — — 1 " ' ~~ ' " " 

^ SMP la into th. -U X. -ntxoX^ 

„ ratio Of a. Ml* — ^ 

fixing the volume ratio w 

. . Mm t4jn6 the computer 9 
wW .le mixing the both. Then, at this ti*e, » 

. mal S from the photosensor 8 to measure 
analyzed the output signal s £ rom en 

tte ^centration of the specific component in the sa^l* 
solution. 



[0020] 
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According to this example, not only the amount of 
change in the output signal S from the photosensor a per hour 
as(t)/at, but also the duration of this amount of change was 
verified, and therefore, there was an effect of preventing the 
following erroneous operation* 

Namely, at a point of inflection, at which the output 
a ignal S from the photosensor 8 that had been decreasing 
turned to increase (or vice versa), dS(t)/dt reversed in sign 
of plus and minus. In other words, at this point of 
inflection which appeared instantaneously during the dropping 
of the sample solution, dS(t)/dt became zero. Thus, when it 
was verified only that the absolute value of dS(t)/dt had 
become the first predetermined value or less, there was the 
possibility that an erroneous operation would occur. This 
could be also held true from the fact that a plurality of 
points of inflection were observed in FIG. 2. 

In contrast, in the present Invention, not only the 
absolute value of the amount of change in the output signal S 
per hour dS(t)/dt. but also the duration of the amount of 
change was verified, and therefore, an erroneous operation due 
to such a plurality of points of Inflection could be prevented. 
[0021] 

As described above, the amount of the sample solution 
could be verified precisely during the inflow of the sample 
solution into the sample cell, by setting the state of being 
on standby for verifying the amount of the sample solution 
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based on the fact that the amount of change In the output 
signal per hour dS(t)/dt had become the second predetermined 
value or greater, and by verifying that the predetermine 
amount of the sample solution was held when the stated in 
which S(t)/dt was the first predetermined value or less had 
continued for the first predetermined time or longer. 

in this example, since the amount of the sample 
solution was verified by using the substantially parallel 
light 7, which was a light for measuring an optical 
characteristic of the sample solution, and the photosensor 8 
f or detecting this, it Was not necessary to provide any means 
for verifying the amount of the sample solution separately. 
In other words, it utilized the original means for measuring 
an optical characteristic as the means for verifying the 
amount of the sample solution. Therefore, it was effective 
and highly practicable. However, it was obvious that the 
amount of the sample solution could also be verified by 
providing another substantially parallel ligbt and photosensor 
aside from the light for measuring an optical characteristic, 
and operating them in the same manner as in this example. 
[0022] 

Further, according to this example, the amount of the 
sample solution held in the sample cell could be verified, so 
that the volume ratio of the reagent to be injected and the 
sample solution could be fi*ed or controlled, without 
measuring the amount of the sample solution. Consequently. 
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the steps in the measurement of an optical characteristic of 
the sample solution could be .**lif lad and an erroneous 
operation was less l^ely to occur, resulting in high 
practicability- That Is, according to the present invention, 
higher efficiency and laborsaving of the n^aeurement and the 
test became possible- 

in this example, the sample wa» "bown- « ftleh «*» 
substantially parcel light 7 propagated linearly In the z 
airectlon end wee transmitted through the sample solution 
hereby t. reeoh the photosensor 6 in FIG. 1, however, when 

*,m»i l-Laht 7 was made incident on the 
the substantially parallel lignr 1 was «~ 

optical Alm of the sanple cell 1 in any angle other then 
tfcat iM perpendicular, ana -hen the respective optical windows 
or the sample cell were not parallel to each other, the 
.ubstantlally parallel light 7 was refracted before reaching 
the photosensor 8. even when the substantially parallel light 
was refracted on the optical windows or the sample solution in 
this manner, the amount of the sample solution could be 
verif led by utilising the same mechanism described in this 
example, and therefore it is within the technical scope of the 
present invention. 
[0023] 

«Exaxnple 2» 

in the following. Example 2 of the present invention 
will be described in detail in the same manner as in Example 1 
with reference to FIGS . 1 and 2. Although the apparatus for 
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measuring an optical characteristic shown in FIG. 1 was used 
in this example, the. parameter was set differently. 

First, with 5 ml or more of a sampl* solution being 
injected in the funnel 3 for trapping, the computer 9 sent an 
open signal to the electromagnetic valve 4. thereby starting 
the dropping of the sample solution in the funnel 3 into the 
sample cell 1 at 0.5 ml/sec. In the state of sending this 
open signal, the computer 9 was set to be in a state of being 
standby for verifying an amount of a sample solution based on 
the fact that an absolute value of an amount of change in the 
output signal S from the photosensor 8 per hour dS(t)/dt was 
the second predetermined value or greater. For example, the 
state of being on standby for verifying the amount of the 
sample solution was set when the absolute value of the amount 
of change in the output signal S per hour dS(t)/dt had become 
0.1 V/sec or greater in FIG. 2. 

In this state of being on standby for verifying the 
amount of the sample solution and sending the open signal, it 
was verified that a predetermined amount of the sample 
solution was held when the absolute value of the amount of 
change in the output signal S from the photosensor .8 per hour 
dS(t)/dt had become the first predetermined value or less and 
the magnitude of the output signal S from the photosensor 6 
had become the third predetermined value or greater. For 
example, it was determined and verified that the predetermined 
aroount of the sample solution was held when the absolute value 
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of the amount of changs per hour dS(t)/dt had become 0.01 
V/sec or less and the output signal S had become 0.8 V or 
greater, and then a close signal was sent to the 
electromagnetic valve 4. By a control according to such a 
setting, d became 10 mm or greater, and 5 ml or more of the 
sample solution was held in the sample cell 1. 
[0024] 

According to this example, since the amount of the 
sample solution was verified based on not only the absolute 
value of the amount of change in the output signal S from the 
photosensor B per hour, but also the fact that the magnitude 
of the output signal S had become a predetermined value or 
greater, the following erroneous operation that might occur in 
this Example 1 could be prevented. 

For example, when a bubble adhered to the optical 
window of the sample cell to be present in the optical path of 
the substantially parallel light 7 during the inflow of the 
sample solution into the sample cell, the substantially 
parallel light 7 was scattered and reflected by this bubble, 
and therefore could not reach the photosensor 8. In this case, 
also, the absolute value of the amount of change in /the .output /_ 
signal S from the photosensor 8 per hour might become 0.01 
V/sec or less, resulting in an erroneous operation of 
mistakenly verifying that the predetermined amount of the 
sample solution was held. 

Such an erroneous operation due to a bubble, however. 
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•■wtnc the magnitads of the output 
could be prevented by consume the 

al^al S £0 r the iud^t. in addition *. «• ~— ^ 

0£ «. amount of — . - ~ — 1 S »" ^ . t 

pat M in this example r xz 
Moreover, when the parameter was set as » 

„ verify that the a state, in which 
„as net necessary to verify >ecOTa 
abB olute value Of the amount of chan 3 e «Ut>/« ~ 
^termin- value or Xess. continued for the first 

*~ or a. c-^red to the case - « 

L set as in — L - — ~ " ~ ^ 

* for verifying the amount of the sample 
shorten the tame for veriryma 

TO lutlon by the first predetermined «- 

^antaaeous in increasin, the efficiency of the me 

M ascribed ahove. aooordln, to this e»mple. the 

. »«m in the sample cell could be 
of the .awl. solution held i. the samp 

^iad with hi* reliability, so that the volume ratio of 
« rea 9 ent to be lasted and the sample section ~u* * 
^ or controlled, without measure - — * - " 
aM »le solution, consent!, the steps could be 

. „ lively to occur, resulting 
^ an erroneoos operation was less likely 

« an extremely practicability of the measurement 

Lher. according ■ present invents. hl,her efficient 
^ iaborsavin, of the and the test became 



possible. 
[0025] 

«Example 3>> 
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- of the present invention 
in the following. Example 3 of the pre 
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, „ in the same manner as In Example 1 

be described in detail m tne sam» 

^ reference to X. » - »• ^ ~ tU3 

£or „i„ 9 an optical — - 1 ~ 

uaea „ this example, the - differ-^- 

Herein* the - - ^ ^ 

eample solution - started from - — *» — ' ^ 

^ „ the sample cell had been 
amount of the sample solution held In the samp 

_ „„. PIG 3 t , en enlarge view of FIG. 2 .bowing 
verified- Here. fh.. ■> » 

^ TOla e of the output Bi^l fro- the photosensor , et 
axouna 1.0 V. when a - 10 to 12. 

Flr6 t. with 5 ml or more of a sample solution being 
WKK1 in the funnel 3 f« trapping, the computer , -t an 
open signal to the .Xectr~.gn.tio valve 4. there* starting 
m3 of the sample solution in the funnel 3 into the 
sample cell 1 at ... -/sec. * this state of sending the 
^ .ignal. the colter , was set to be in a state of being 
on stanabv for verging the amount of the sample solution 

* * .tonal s from the photosensor 8 haa become the 
when the output signal & iron. »- 

I1£t h preaeterminea value or less. For example, the state of 
tol »g on standby for verify the amount of the sample 

S ha& become 0.5 V or 
solution was set when the output signal na 

less in PIG- 2. 

In this state of being on atanaby for verifying the 

^ of the s«le solution ana sending the open signal, it 
„as verlf lea that a predetermined amount of the sample 
.olution ™s held based on the fact that a state, in which the 

PAGEJSIB'liOTAinWIMraiEasteraD^ 
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absolute value of the amount of change in the output signal S 
from the photosensor 8 per hour dS(t)/dt was the first 
pX edetermined value or less, had continued for a predetermined 
time or longer. For example, it was verified that the 
predetermined amount of the sample solution was held when a 
state, in which dS(t)/dt was 0.01 V/sec or less, had continued 
for 0.5 second or longer, and then a close signal was sent to 
tne electromagnetic valve 4- By a control according to such a 
setting, d became 10.5 mm or greater, and 5.25 ml or more of 
the sample solution was held in the sample cell 1. 
[0026] 

Next, from this state. It was verified that a state, 
in which the amount of change in the output signal S per hour 
dS(t)/dt was the fifth predetermined value or less, had 
continued for the second predetermined time or longer for 
starting the measurement of an optical characteristic of the 
semP le solution. For example, the point of time, at which a 
state in which dS<t)/dt was 0-003 (V/S) or l*ss had continued 
for 0.5 second or longer, was verified. In FIGS. 2 and 3, 
dS(t)/dt had become 0.003 (V/S) or less when 11.1 seconds had 

and therefore, the point of. time at -which 11.6 

seconds had elapsed was verified. 

When the above -described point of time was verified, 
an optical characteristic of the sample solution in the sample 
cell l was measured. For example, the computer 9 controlled 
the pipette 5 to inject a predetermined amount of a reagent, 
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*hich «as to be used £<=r coring a concentration of a 
specific component contained in the sarcpl. solution, into m 
8ampla cell X. thereby £1^9 or controlling the voi-e ratio 
cf tne sample solution and the reagent. Then, the computer » 
an^ea. the output signal I *™ the photosensor » to neasure 
the concentration of the specific component in the sample 
solution. 
[00271 

According to this example, since the amount of change 
in the output signal S from the photosensor 8 per hour 
dS^/dt and the duration thereof were verified after 
verifying that the predetermined amount of the sample solution 
was held in the .ample cell 1. the reliability of the 

. , -^.r-aeteristio could be enhanced 
measurement of an optical characteristic 

because of the following reason. 

Even after the Inflow of the sample solution into the 
eample cell 1 was suspended, a bubble or the li*e generating 
aurlng the inflow might be present in the optical path of the 
substantially parallel light 7, thereby causing a fluctuation 
m the output signal S from the photosensor 8. This 
- fluctuation deteriorated the reliability of the^ optical- 
characteristic measurement. Therefore, the measurement was 
8t arted after verify^ that the predetermined amount of the 
sample solution was held and after further verifying that a 
bubble or the like had disappeared from the optical path, for 
example, by surfacing, and the fluctuation in the output 
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3lgnal fcad subsided by verify the a»ount of — -» ««/«- 
Conse^atly. the reliability of the -^ur^t «» 

ensured- 

Namely. «t a Point of Election, at which the output 
olgM l s fro. the photon ■ that had been decreasing 
tum ed to increase (or vice versa). «t)/« reversed in sign 

plus and minus, a other words, at this point of 
action, which generated instantaneously during the 
imping of the sample solution. dS<t>/«t became zero. Thus. 

it was verified only that the absolute value of ds(t,/dt 
nad become the fifth predetermined value or less, an erroneous 
operation occurred. This could ba also held true fro* the 
fact that . Plurality of points of inflection were observed in 

FIG. 2. 

in contrast, in the present invention, an erroneous 
nation due to such a plurality of points of inflection 
could be prevented by verifying not only the absolute value of 
tn. amount of change in the output signal s per hour dS(t,/dt. 

but also the duration thereof. 

[0028] 

, arcing to this sample, the amount of ..,«*■•*»•- 

solution held in the sample cell could be verified, so that 
the volume ratio of the reagent to be injected and the sampie 
solution could be fi*ed or controlled, without measuring the 
amount of the sample solution. Further, an optical 
characteristic was measured after further verifying that an 
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obstruction such as a bubble to the substantially parallel 
lig ht 7 was eliminated after the inflow of the sample solution 
was suspended, and therefore, the measurement was highly 
reliable. Consequently, the measurement steps could be 
simplified, and furthermore, an erroneous operation was less 
1± Kely to occur, resulting in an extremely high practicability, 
«* higher efficiency and laborsaving of the measurement and 
the test became possible. 
[0029] 

<<Example 4» 

in the following, the method for controlling a 

aeasurement system and/or the method for measuring a 
concentration of a sample solution will be described. 

Example 4 of the present Invention will be described 
!>elow in detail with reference to FIGS. 4 and 5. Herein, the 
explanation will be given for the case where the apparatus for 
curing an optical characteristic shown in PIG. 4 was 
provided in a toilet bowl, and a protein concentration was 
examined by using a urine as a sample solution. In the 
apparatus for measuring an optical characteristic shown in FIG 
4, the solution m***®^*** semiconductor laser module 6 f 
the substantially parallel light 7, the photosensor 8 and the 
computer 9 were the same as those in FIG. 1. 

The sample cell 10 shown in FIG. 4 comprised a 
container made of aluminum which had the shape of a 
rectangular solid and a funnel-like opening 11 at the top of 
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^ a class plate as an optical window was 
M-a skeleton. Then, a glass pj-* 

ootioal » «• m4 toe 

distance between the optical w 

„ fllcu Lar to this propagating 

stance o£ a amotion perpendicular 

O^ion was 10 Mt . lally parall .l light 

The optical axis of the substantially par 

, _ .cated at a height - — « — ~ 
„ cell 10. When the 1— St pa. - - surfa- - 

- . «f the height two times the 

the sample ^lutlon -as boated at the he 

»*ls of the substantially 
^ radius, from the optical axis 

p^l light 7. that is. when the 1— P~ - ~ 
solution surface a was locate, at a height of 30 
bottom, appro^tely of the total power ~~>^ 

^ the sample solution, a. previously <~»~-»~ 
3 ml of the solution was held In this sample cell 



10. 

[0030] 



M± „. sn l nlet.l2-,for- meeting a reagent was 
locate, at the bottom of the sample cell 10. ana a Pipette ^ 
^ ^ectea a amount of the reagent-t the 

saw ie solution s. the sample cell 10 «~ „ 
«. strolled by the colter .. Purthar. an elastic t 
£or ^erring the reagent connected the Pipette 13 with 
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inlet 12. A housing 15 is one made of resin, which integrated 
the semiconductor laser module 6, the photosensor 8, the 
sample cell 10, the Inlet 12 and the tube 14 Into one piece. 
The housing 15 had a sealed structure, and even when the 
sample solution splashed thereon, it did not reach the 
semiconductor laser module 6 and the photosensor 8, which were 
the optical components, and the optical windows on the outside 
of the skeleton of the sample cell 10. 
[0031] 

Next, FIG. 5 is a top plan view schematically showing 
the toilet bowl comprising the apparatus for measuring an 
optical characteristic shown in FIG. 4. The housing 15 was 
connected with a shaft base 17 via a cylindrical shaft 16. As 
shown in FIG. 5, the shaft base 17 was installed in a Western 
style toilet bowl 18. The shaft base 17 was controlled by the 
computer 9, and it moved the shaft 16 horizontally as 
indicated with the arrow to move the housing 15 into a bowl 
space 19 during the measurement of an optical characteristic 
of a discharged urine. Then, after the measurement was 
completed, it was restored underneath the toilet seat or the 
like, where it had^been "'initially located. Herein, the tube - . 
14 has been omitted from FIG. 5. In addition, it was possible 
to rotate the housing 15 in a direction parallel to the sheet 
of the paper in FIG. 4, that is. to rotate it about the shaft 
16. 

[0032] 
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The following is the operation for verifying an 
amount of a urine as a sample solution and further measuring a 
protein concentration thereof in this example. 

First, according to instructions from the computer 9. 
the sample cell 10 was moved together with the housing 15 to 
the bowl apace 19 of the toilet bowl 18, where the urine as 
the sample solution could be trapped easily. At this tfcne, 
the test subject discharged a urine directly into the opening 
11 of the sample cell 10. Herein, it was verified that the 
predetermined amount of the sample solution was held in the 
sample cell 10 based on the output signal S from the 
photosensor 8 by using any one of the methods shown in 
Examples 1 to 3. Upon the verification, the computer 9 gave 
instructions to restore, and the sample cell 10 was restored 
together with the housing 15 to the initial position. 
[0033] 

Next, the computer 9 controlled the pipette 13 to 
inject 3.0 ml of a sulfosallcylic acid reagent (a reagent 
obtained by dissolving sodium sulfate in an aqueous solution 
of 2 -hydroxy-5-sulfoben Z oio acid) Into the sample cell 10. As 
- a result, it was possible to mix the sample solution. and the .... 
reagent at the ratio of 1 = 1. At this time, the computer 9 
analyzed the output signal from the photosensor 8 to measure 
the concentration of the sample solution. 

Subsequently, the computer 9 gave instructions, and 
the housing 15 was inclined by using the shaft 16 as an axis 
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to discharge the sample solution in the sample cell 10 into 
the toilet bowl 18 through the funnel- like opening at the top. 
Then, the sample cell 10, the opening 11, the housing 15 and 
the she^t 16 were washed* This washing was carried out, for 
example, by Jetting a cleaning solution like a shower* 
[0034] 

As described above, according to this example, the 
amount of the sample solution held in the sample cell could be 
verified, so that the volume ratio of the reagent to be 
injected and the sample solution could be fixed or controlled, 
without measuring the amount of the sample solution. Further, 
the whole of the housing 15, which integrated the light source, 
the photosensor and the sample cell into one piece, was moved 
to the right place for trapping the sample solution, resulting 
in efficiency- An optical alignment error of the optical axis 
and the like was less likely to occur, as compared with the 
case where only the sample cell was moved at this step. 
Moreover, since the housing 15 had a sealed structure, there 
was no danger that the sample solution and the like adhered to 
the respective optical components to obstruct the measurement. 
In. particular, when the sample solution was ^ a mine, the 
sample cell 10 could be moved together with the housing 15 
into the bowl space 19 of the toilet bowl 18 to trap a 
predetermined amount of the urine in the air. Consequently, 
the urine could be tested easily, and furthermore, an 
erroneous operation was less likely to occur and the 
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operational stability was improved, resulting In an extremely 
high practicability. That is, according to the present 
invention, higher efficiency and laborsaving of the 
measurement and the test became possible. Moreover, it was 
not necessary for the user to treat the urine directly, and 
therefore, the widespread use at home could be promoted. 
10035] 

in this embodiment, the sample cell 10 was restored 
to the initial state in which it had been before it was moved 
into the bowl space 19, after verifying the amount of the 
sample solution, and an optical characteristic was measured 
thereafter; however, after the amount of the sample solution 
was verified, the sample cell 10 could be restored to the 
initial state in which it had been before it was moved into 
the bowl space 19. after the inflow of the sample solution was 
suspended to measure an optical characteristic. 

Further, in this example, the sample cell 10 was 
washed after it was inclined to discharge the sample solution; 
however, the cleaning solution could be injected through the 
inlet 12 for the reagent while the sample solution was 
overflowed from-- the opening 11 without inclining the sample-, 
cell 10. thereby conducting the washing simultaneously. That 
is, the discharging and the washing might be carried out while 
replacing the sample solution with the cleaning solution. 
[00361 

«Exantple 5» 
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In the following. Example 5 of the present invention 
will be described in detail with reference to PIGS. 5 and 6. 
In the apparatus for measuring an optical characteristic shown 
in FIG- 6, the solution surface 2. the semiconductor laser 
module 6. the substantially parallel light 7, the photosensor 
8, the computer 9. the sample cell 10, the opening 11. the 
housing 15, the shaft 16 and the shaft base 17 were the same 
as those shown in FIG. 5 of Example 4. However, in this 
example, the substantially parallel light 7 was used only for 
verifying an amount of the sample solution, but not for 
measuring an optical characteristic of the solution. Also, 
the sample cell 10 was used as a container for trapping the 
sample solution, but not as a sample cell for holding the 
sample solution during the optical characteristic measurement. 

In the apparatus for measuring an optical 
characteristic shown In FIG. 6. an electromagnetic valve 18 
was controlled by the computer. 9. A tube 19 transferred the 
gample solution trapped in the container 10 to another sample 
cell for measuring the characteristic. Also, as in Example 4. 
the housing 15 was connected with the shaft base 17 via the 
cylindrical shaft'Wr • > 

As shown in FIG. 5. the shaft base 17 was installed 
in a western style toilet bowl 18. The shaft base 17 was 
controlled by the computer 9, and it moved the shaft 16 
horizontally as indicated with the arrow to move the sample 
cell 10 together with the housing 15 into the bowl space 19 
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when measuring an optical characteristic of the discharged 
urine. Then, for example, after the measurement was completed, 
the sample cell 10 was restored underneath the toilet seat or 
the like, where it had been originally located. Also, it was 
possible to rotate the sample cell 10 together with the 
housing 15 in a direction parallel to tne sheet of the paper 
in FIG. 4, that is, to rotate it about the shaft 16. 
[0037] 

The following is the operation for verifying an 
amount of a urine as a sample solution and further measuring a 
protein concentration thereof in this example. 

First, according to instructions from the computer 9, 
the sample cell 10 was moved together with the housing 15 to 
the bowl space 19 in the toilet bowl 18, where the urine as 
the sample solution could be trapped easily. At this time, 
the test subject discharged the urine directly to the opening 
11 of the sample cell 10. Here, it was verified that the 
predetermined amount of the sample solution was held in the 
container 10 based on the output signal S from the photosensor 
8 by using any one of the methods shown in Rxamples 1 to 3. 

- ...ftt^the^tljne of the verification, the computer -9 -jm^.,*-..*.- 
instructions to the electromagnetic valve 18. thereby 
transfusing the sample solution to another sample cell for 
measuring the sample solution via the tube 19 for transferring. 
By conducting this transfusion on several separate occasions, 
concentrations of a plurality of specific substances could be 
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measured. That is, the sample solution was transfused to a 
sample cell first and a reagent was mixed therewith to measure 
the concentration of a certain specific substance, followed by 
discharging this sample solution* Subsequently, the sample 
solution was transfused from the sample cell 10 to the other 
sample cell again, and another reagent was mixed with the 
sample solution to measure a concentration of another specific 
substance . 
[0038] 

Upon completion of this series of measurements, the 
computer 9 gave instructions, and the housing 15 was inclined 
by using the shaft 16 as an axis to discharge the remaining 
san g? 1 * solution in the sample cell 10 into the toilet bowl 18 
through the funnel- like opening at the top. Then, the sample 
cell 10, the opening 11 , the housing 15 and the shaft 16 were 
washed. 

As described above, according to this example, a 
predetermined amount of the urine could be trapped in the air 
by the container moved into the bowl space of the toilet bowl. 
Then, it is possible to test the urine by transfusing the 
urine to the sample cell for holding the urine during the 
optical characteristic measurement of the urine » . At this time , 
by conducting the transfusion on several separate occasions, a 
plurality of measurements could be conducted. Consequently, a 
plurality of test items could be examined easily, and 
furthermore, an erroneous operation was less liXely to occur 
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and the operational stability was improved, resulting in an 
extremely high practicability! That is, according to the 
present invention, higher efficiency and laborsaving of the 
measurement and the test became possible. Moreover, it was 
not necessary for the user to treat the urine directly, and 
therefore, the widespread use at home could be promoted. 
[00391 

<< Example 6» 

In the following. Example 6 will be described in 
detail with reference to FIGS. 7 to 9, in which a method for 
verifying an amount of a sample solution and a method for 
controlling a measurement system and/or a concentration of a 
sample solution of the present invention were used for 
measuring an optically active substance and a protein 
concentration in the sample solution* 

FIG. 7 is a view showing the configuration of the 
apparatus for measuring an optical characteristic used in this 
example. Also, FIG. 8 is a top plan view schematically 
showing the apparatus for measuring an optical characteristic 
shown in FIG. 7* 

In FIG. 7 , the solution surface 2, the funnel 3, the . 
electromagnetic valve 4, the pipette 5, the semiconductor 
laser module 6, the substantially parallel light 7, the 
photosensor 8 and the computer 9 were the same as those in the 
apparatus for measuring an optical characteristic shown in FIG. 
1. A sample cell 19 was basically the same as the sample cell 
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1 of FIG. 1, but an optical window for introducing a scattered 
light, which arose when the substantially parallel light 7 
propagated through the sample solution, to the outside of the 
sample cell was provided on the sidewall of the sample cell 19 
in the direction of the short axis, that is, a direction 
perpendicular to the substantially parallel light 7 (not 
shown). In other words, as shown in FIG. 8, the optical 
window was provided such that a scattered light 26, which 
arose in the sample solution and propagated in the -y 
direction, could be detected by a photosensor 24. 
[00401 

A polarizer 20 transmitted only a polarization 
component in the x direction in FIG. 7, Also, an analyzer 21 
was arranged so as to transmit only a polarization component 
in the y direction shown in FIG. 8. In addition, by using an 
optical Faraday effect, an optical Faraday modulator 22 
modulated and controlled the polarization direction, which was 
regulated in the ae direction by the polarizer 20. A driver 23 
controlled the optical Faraday modulator 22, and supplied a 
modulation signal to a lock-in amplifier 25, simultaneously. 
The photosensor^ 8 detected the substantially para^elullghj:^?...-. 
which had been transmitted through the analyzer 21. The 
numeral 25 is a lock-in amplifier which performed a phase 
sensitive detection on the output signal from the photosensor 
8 using the modulated signal of the optical Faraday modulator 
as a reference signal. 
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In this example, the computer 9 supplied a control 
current signal to the driver 23 so as to make the output 
signal from the lock-in amplifier 25 zero, thereby also 
playing a role in measuring an angle of rotation of the sample 
solution. In the case of this example, a modulation current 
having a frequency of 1.3 KHz was passed to the driver 23. By 
adjusting the modulation current, the modulation signal 
(control current signal or compensation control current), at 
which the output signal from the lock-In amplifier 25 was 
cancelled to become zero, was found to calculate the angle of 
rotation . 
[0041] 

The photosensor 24 for detecting the scattered light 
26 measured the turbidity, when this output signal was 
analyzed by the computer 9 to opacify the sample solution by 
mixing thereto a reagent through the pipette 5. In general, 
the intensity of the scattered light 26, which arose in the 
sanple solution before the mixing of the reagent, was 
extremely small and therefore was not detected by the 
photosensor 24- 

..^^v*.^v^x*n^*thJiS'*eKainple-also r as in Example 1, when* the ■r.^^^r 
lowermost part of the surface 2 of the sample solution was 
located at the height two times the beam radius, from the 
optical axis of the substantially parallel light 7, that is, 
when d = 10 inn, approximately 99.97% of the total power 
propagated through the sample solution. At this time, 5 ml or 
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more of the sample solution of was held in the sample cell 19. 

Herein, when the lowermost part of the solution 
surface 2 was located at a height of 6 i* from the bottom of 
the sample cell l(sic), that la. when d = 8 mm. only about a 
half of the total power propagated through the sample solution. 
When the solution surface 2 was located within the beam of the 
substantially parallel light 7 in this manner, the optical 
phenomena of reflection, refraction and diffraction 
concurrently occur on the solution surface, thereby diffusing 
ttie beam. 

Then, the optical power that was sufficiently greater 
than the intensity of the scattered light, which had arisen in 
the sample solution before the mixing of the reagent, reached 
the photosensor 24. and this significantly fluctuated. Also, 
under the influence of the diffusion of the beam and the 
fluctuation of the solution surface, the optical power 
reaching the photosensor 24 did not stabilize. Moreover, as 
in Example 1, the optical power, which propagated through the 
analyzer 21 to reach the photosensor 8. was also influenced by 
the diffusion of the beam. 

• 10042] ' '* " 

PIG. 9 shows an example of the output signal S from 

the photosensor 24 when the sample solution was dropped into 

the sample cell 19 through the funnel 3 at 0.5 ml/sec in the 

apparatus for measuring an optical characteristic shown in 

PIGS. 7 and 8. In FIG. 9. the horizontal axi* indicated the 
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distance d from the bottom of the sample cell l(sic) to the 
lowermost part of the solution surface, and the vertical axis 
indicated the output signal S from the photosensor 24. whose 
maximum value was adjusted to be 1.0 V in the process of 
supplying the sample solution. Herein, in the sample cell 19 
of this embodiment . when the sample solution was dropped at 
the above dropping rate, d became 1 mm one second after the 
dropping was started. Therefore, the horizontal axis of PIG. 
9 also indicated the elapsed time since the start of the 
dropping of the sample solution. It should be noted that the 
sample solution was dropped into the sample cell 19 along the 
plane thereof without any optical window provided at three 
places of the sample cell, and therefore, the sample solution 
was not present in the optical paths of the substantially 
parallel light 7 and the scattered light 26 during the 
dropping. 

As shown in FIG. 9, until d was approximately 6.0 mm. 
the output signal S was zero and no influence of the sample 
solution was observed; however, when d = 6.0 to 10 mm, the 
output signal S significantly changed under the influence of 
the diffusion of the beam due to reflection, refraction or 
diffraction between the substantially parallel light 7 and the 
solution surface 2, and further the fluctuation of the 
solution surface. Then, when d was above 10 mm, it was 

apparently zero and stabilized. 

[0043] 
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Based on such phenomena, any one of the methods of 
Examples 1 to 3 above might he used as the method for 
verifying an amount of a sample solution, but the method 
herein was set as follows. 

First, with 5 ml or more of a sample solution being 
injected in the funnel 3 for trapping, the computer 9 sent an 
open signal to the electromagnetic valve 4, thereby starting 
the dropping of the sample solution in the funnel 3 into the 
sample cell 19 at 0.5 ml/sec. In the state of sending this 
open signal, the computer 9 was set to be in a state of being 
on standby for verifying an amount of a sample solution based 
on the fact that an absolute value of an amount of change in 
an output signal S from the photosensor 24 per hour dS(t)/dt 
had become the second predetermined value or greater. For 
example, the state of being on standby for verifying the 
amount of the sample solution was set when the absolute value 
of an amount of change in the output signal S per hour 
dS(t)/dt had become 0.1 V/sec or greater in FIG- 9. 

In the state of being on standby for verifying the 
amount of the sample solution and sending the open signal, it 
was verified that . a predetermined amount, of the s ample , ^ _ 
solution was held based on the fact that a state, in which the 
absolute value of the amount of change in the output signal S 
from the photosensor 24 per hour dS(t)/dt was the first 
predetermined value or less r had continued for the first 
predetermined time or longer. For example, it was verified 
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that the predetermined amount of the sample solution was held 
when a state, in which dS(t)/dt was 0.01 V/sec or less, had 
continued for 0-5 second or longer, and then a close signal 
was sent to the electromagnetic valve 4. By a control 
according to such a setting, d became 10.5 mm or greater and 
5.25 ml or more of the sample solution was held in the sample 
cell l(slc). 
[0044] 

The following is the operation for measuring a 
glucose concentration, i.e.. a urine sugar value and a urine 
protein concentration using a urine as the sample solution in 
this state. 

First, the computer 9 started to operate the driver 
23 to measure an angle of rotation of the sample solution. 
Next, the computer 9 suspended the operation of the coil 
driver 23, and controlled the pipette 5 to drop a 
sulfosalicylic acid reagent (a reagent obtained by dissolving 
sodium sulfate in an aqueous solution of 2 -hydroxy- 5- 
sulfobenzoic acid) into the sample cell 19. In this state, 
the volume ratio of the sample solution and the reagent could 

be' fixed' or controlled by dropping the reagent . ^The^ protein 

concentration was measured by analyzing the change in the 
output signal from the photosensor 24 before and after the 
dropping of the reagent. With respect to this measurement of 
the protein concentration, the concentration was calculated In 
comparison with a calibration line that had been previously 
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prepared . 

In the following, an example is shown, in which a 
urine having a urine sugar value of 100 (mg/dl) and a urine 
protein concentration of 15 (mg/dl) was measured as the sample 
solution. 
[0045] 

As a result of the measurement, the angle of rotation 
was approximately 0.017° . Herein, the specific angle of 
rotation of glucose at this wavelength (670 nm) was 
approximately 40' (deg/cm • dl/kg) . Therefore, on the 
assumption that this angle of rotation was entirely due to 
glucose, the glucose concentration, i.e.. the urine sugar 
value was 85 (mg/dl) . Herein, the specific angle of rotation 
of protein was approximately -40° (deg/cm • dl/kg) . In other 
words, it was opposite in sign and the same in the absolute 
value, so that it was calculated at 85 (mg/dl) in the glucose 
concentration by subtracting 15 from 100, and therefore, it 
was confirmed that the measurement was carried out accurately. 

When the protein concentration was measured by mixing 
the reagent and the output signal from the photosensor 24 was 
"•^•'^eomSafta -with* "the- -calibration line that had~been* previously- 
prepared, the protein concentration was calculated at 15 
(mg/dl), and therefore, it was confirmed that the measurement 
was carried out accurately. 
[0046] 

According to this example, since not only the amount 
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of change in the output signal S from the photosensor 24 per 
hour dS(t)/dt, but also the duration thereof was verified, the 
following erroneous operation could be prevented. 

At a point of inflection, at which the output signal 
S from the photosensor 24 that had been decreasing turned to 
increase (or vice versa). dS(t)/dt reversed in sign of plus 
and minus. Therefore, at this point of inflection which 
appeared instantaneously. dS(t)/dt became zero. Thus, when it 
was verified only that an absolute value of dS(t)/dt had 
become the first predetermined value or less, an erroneous 
operation occurred. However, an erroneous operation due to 
such a plurality of points of inflection could be prevented by 
verifying not only the absolute value of the amount of change 
in the output signal S per hour dS(t)/dt. but also the 

duration thereof - 

As described above, the amount of the sample solution 
could be verified during the Inflow of the sample solution 
into the sample cell, by setting the state of being on standby 
for verifying the amount of the sample solution based on the 
fact that an amount of change in the output signal per hour 
a^(tl/at x na^" T -Be^cmer'ia»e ■ second predetermined, value or ^greater? 
and verifying that a predetermined amount- of the sample 
solution was held when a state, in which ds(t)/dt was the 
first predetermined value or less, had continued for the first 
predetermined time or longer. 
[0047] 
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in this example, since the substantially parallel 
light 7, which was a light for measuring an optical 
characteristic of the sample solution, and the photosensor 24 
for detecting this were used for verifying the amount of the 
sample solution, it was not necessary to provide any means for 
verifying the amount of the sample solution separately. In 
other words, it utilized the original means for measuring an 
optical characteristic as the means for verifying the amount 
of the sample solution. Therefore, it was effective and 
highly practicable. However, it was obvious that the amount 
of the sample solution could be verified by providing another 
substantially parallel light and photosensor aside from the 
light for measuring an optical characteristic of the sample 
solution, and operating them in the same manner as in this 
example. 

Further, according to this example, the amount of the 
sample solution held in the sample cell could be verified, so 
that the volume ratio of the reagent to be injected and the 
sample solution could be fixed or controlled, without 
measuring the amount of the sample solution. Consequently, 
the steps couW'be-siwplified. and furthermore; an erroneous 
operation was less lixely to occur, resulting in an extremely 
high practicability. Also, higher efficiency and laborsaving 
of the measurement and the test became possible. 

Further, according to this example, a protein 
concentration could be determined by measuring the angle of 
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rotation of the sample solution. That Is. the protein 
concentration could be determined by measuring the angle of 
spontaneous rotation and the concentration of a spontaneous 
optically active substance based upon the angle of rotation 
due to a Faraday effect (magnetorotation) at which the angle 
of rotation due to the spontaneous optically active substance 
in the sample solution was identical with the angle of 
magnetorotation, ana mixing a reagent therewith. This example 
was particularly practicable when the sample solution was a 
urine. As in this example, since the reagent was mixed with 
the sample solution after the measurement of the angle of 
rotation, both of them could be measured. The reason is that 
the mixing of the reagent might cause the protein component to 
coagulate or color, preventing a light from being transmitted 
through the sample solution. Additionally, the reagent might 
cause the protein to denature, thereby changing the angle of 
rotation thereof. 
[0048] 

Here, in this embodiment , the case was shown, in 
which the amount of the sample solution was verified based on 
the output signal* S from' -the photosensor 24 for detecting a 
scattered light, but the output signal S from the photosensor 
8 for measuring an angle of rotation could also be used. The 
substantially parallel light 7, which had been transmitted 
through the analyzer 21, was made incident on the photosensor 
8; however, when the optical Faraday modulator 22 was not in 
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operation, the polarizer 20 and the analyzer 21 were arranged 
in a so-called crossed Nicol states, and therefore it was a 
leaked component that was transmitted through the analyzer 21, 
and therefore, it was significantly less as compared to the 
transmitted light component ih Example 1 (approximately 10" 5 or 
less); however, it could be operated in the same manner as in 
Example 1 by adjusting S to be 1 (V) when a ^ 10 mm. 

Also, even when the optical Faraday modulator 22 was 
in operation, it could be operated in the same manner as in 
Example 1 by adjusting S to be 1 (V) when d ^ 10 mm, so long 
as the rotating angle of the polarisation direction was fixed. 

It should be noted that the lights detected by the 
photosensor 24 included not only the scattered light that had 
arisen in the sample solution, but also the ones that had been 
reflected on the respective solution surfaces (the surface of 
a drop-like sample solution as well as the solution surface 2). 
Even on the assumption that the lights to be made incident on 
the photosensor 24 were only the reflected light components as 
above, the output signal from the photosensor 24 fluctuated 
greatly when the solution surface 2 was within the beam of the 
substantially parallel light 7 - and^ the- output signal from the 
photosensor 24 became stable when a predetermined amount of 
the sample solution was held, as shown in FIG. 9. Therefore, 
even if only the reflected light components were detected, the 
method of this example could be conducted. When the amount of 
the sample solution was verified in this manner, it was not 
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necessary to distinguish between these reflected light 
components and the scattered light components, and therefore, 
all of them were described as the scattered light 26 in this 
embodiment . 
[0049] 

<<Example 7>> 

This example relates to the method for verifying an 
amount of a sample solution and the start of the measurement 
thereof by using the apparatus for measuring an optical 
characteristic shown in FIGS. 7 and 8 of Example 6 in the 
following manner. This example will he described with 
reference to FIGS . 9 and 10. FIG. 10 is an enlarged View of 
FIG. 9 showing the output signal S from the photosensor 24 at 
around 0 V, when d = 10 to 12. 

In this example, as in Example 6, with the sample 
solution being dropped into the sample cell 19, the amount of 
the sample solution was verified based on the fact that an 
amount of change in the output signal S from the photosensor 
24 per hour dS(t)/dt was the second predetermined value or 
less and that the output signal S from the photosensor 4 (sic) 
j»^-i»«»ws*"-:H..- had become* the fourth predetermined-value >.or less ... For,,:. 

example, it was verified that the predetermined amount of the 
sample solution was held when dS(t)/dt was 0.01 V/aec or less 
and S had become 0.01 V or less, and then a close signal was 
sent to the electromagnetic valve 4. By a control according 
to euch a setting, d became 10 mm or greater, and therefore, 5 
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ml or more of the sample solution was held in the sample cell 
19. 

As such, according to this example, since the amount 
of the sample solution was verified based on not only the 
absolute value of the amount of change in the output signal S 
from the photosensor 24 per hour, but also the fact that the 
magnitude of the output signal S had become a predetermined . 
value or leas, the following erroneous operation that might 
occur in Example 6 could be prevented. 

For examplB, when a bubble adhered to an optical 
window of the sample cell to be present in the optical path of 
the substantially parallel light 7 during the inflow of the 
sample solution into the sample cell, the substantially 
parallel light 7 was scattered and reflected by this bubble, 
and could not reach the photosensor 24. Even in this case, 
the absolute value of the amount of change in the output 
signal S from the photosensor 24 per hour might become 0.01 
V/sec or less, resulting in an erroneous operation of 
mistakenly verifying that the predetermined amount of the 
sample solution was held. Such an erroneous operation due to 
a r bubble i r -however, could be prevented, by. .considering the 
magnitude of the output signal S for the Judgment, in addition 
to the absolute value of the amount of change in the output 
signal S per hour. 
[0050] 

Next, from this state, it was verified that a state. 
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ln wbich the amount of change in the output signal S per hour 
dS(t)/dt was the fifth predetermined value or less, continued 
for the second predetermined time or longer for starting the 
measurement of an optical characteristic of the sample 
solution. For example, the point of time, at which a state in 
which dS(t)/dt was 0-0015 (V/seo) or less had continued for 
0.5 second or longer was verified. In FIGS. 9 and 10, 
dS(t)/dt had become 0.0015 (V/sec) or less when 11.1 seconds 
had elapsed, and therefore, it was verified when 11.6 seconds 
had elapsed. 

When this was verified, an optical characteristic of 
the sample solution in the sample cell 19 was measured in the 
same manner as in Example 6. 
[0051] 

According to this example, since the amount of change 
in the output signal 5 from the photosensor 24 per hour 
dS(t)/dt and also the duration thereof were verified after 
verifying that the predetermined amount of the sample solution 
was held in the sample cell 19, the reliability of the 
measurement of an optical characteristic could be enhanced 
because- -of ->the following reason. «wms»" 

BvBn after the inflow of sample solution into the 
sample cell 19 was suspended, a bubble or the li*e generating 
during the inflow might be present in the optical path of the 
substantially parallel light 7. thereby causing a fluctuation 
in the output signal 5 from the photosensor 24. This 
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fluctuation deteriorated the reliability of the optical 
Characteristic measurement. Therefore, the measurement was 
started after a bubble or the li*e disappeared from the 
optical path, for example, by surfacing, and the fluctuation 
in the output signal had subsided. In other words, the 
n^asurement was started after a state, in which the amount of 
change per hour dS(t)/dt was the fifth predetermined value or 

less, had continued for the second predetermined time or 

longer. Consequently, the reliability of the measurement 

could be ensured. 

[0052] 

As described above, according to this example, the 
amount of the sample solution held in the sample cell could be 
verified, so that the volume ratio of the reagent to be 
injected and the sample solution could be fixed or controlled, 
without measuring the amount of the sample solution. 
Furthermore, the measurement of an optical characteristic was 
carried out after further verifying that an obstruction due to 
a bubble or the liXe in the substantially parallel light 7 was 
eliminated after the inflow of the sample solution was 
suspended; fan dr.t^us >the- measurement was highly reliable^, 
Consequently, the steps could be simplified, and furthermore, 
an erroneous operation was less lilcely to occur, resulting in 
an extremely high practicability. Further, higher efficiency 
and laborsaving of the measurement and the test became 
possible- 
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[0053] 

Hereinbelow, the above-described characteristics of 
the present invention will be described in detail. 

When calculating the amount of change in the output 
signal S from the photosensor per hour dS(t)/dt in real time, 
it was necessary to either configure a differentiation circuit 
in an analog fashion or to perform a digital calculation- If 
the differentiation time constant of the circuit in the case 
of the analog differentiation circuit, or the sampling 
interval in the case of performing the digital calculation was 
not sufficiently less than the above first predetermined time 
or second predetermined time, the response speed would 
decrease to prolong the time required for verification of the 
predetermined amount of the sample solution after it was held- 
As a result, the time required for the entire measuring 
process was prolonged, resulting in reduced efficiency of the 
measurement. In each of Examples of the present invention, 
there was described the case where the differentiation time 
constant or the sampling interval was sufficiently less than 
the above first predetermined time and second predetermined 

time, 7**i.^>.'-^ ^■■w ■■* ' •■ 

[0054] 

[Effects of the Invention] 

As described above, according to the present 
invention, the amount of the sample solution held in the 
sample call can be verified, so that the volume ratio of the 
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reagent to be injected and the sample solution can be fixed or 
controlled without measuring the amount of the sample solution. 
Consequently, the steps can be simplified, and furthermore, an 
erroneous operation due to obstruction such as a bubble is 
less likely to occur, resulting in an extremely high 
practicability, and higher efficiency and laborsaving of the 
measurement and the test became possible. 

Moreover, the whole of the housing 15, which 
integrates the light source, the photosensor and the sample 
cell into one piece, is moved to the right place for trapping 
the sample solution, resulting in efficiency. Unlike the case 
where only the sample cell is moved at this time, an optical 
alignment error of the optical axis or the like does not occur. 
Further, since the housing 15 has a sealed structure, there is 
no danger that the sample solution and the like adhere to the 
respective optical components to obstruct the measurement. In 
particular, when the sample solution is a urine, the whole of 
the housing 15 can be moved into the bowl space 19 of the 
toilet bowl 18 to trap a predetermined amount of the urine in 
the air. Consequently, the urine can be tested easily, and 
furthermore, an erroneous operation is less- likely to . occur 
and th© operational stability can be Unproved, resulting in an 
extremely high practicability, and higher efficiency and 
laborsaving of the measurement and the test become possible. 
Further, it is not neoessary for the user to treat the urine 
directly, so that the widespread use at home can be promoted. 
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[BRIEF EXPLANATION OP THE DRAWINGS] 
[FIG. 1] 

A view showing the configuration of the apparatus for 
measuring an optical characteristic used in Example 1 of the 
present invention. 

[FIG. 2] 

A graph showing the relation between the output 
signal from the photosensor and the distance from the bottom 
of the sample cell to the lowermost part of the solution 
surface or the elapsed time since the start of the dropping of 
the sample solution. 

[PIG. 3] 

An enlarged, view of FIG. 2 showing the value of the 
output signal from the photosensor 8 at around 1.0 V, when d = 
10 to 12. 

[FIG. 4] 

A view showing the configuration of the apparatus for 
measuring an optical characteristic used in Example 4 of the 
present invention. 

[FIG. 5] 

, , , • A top plan view schematically showing the toilet bowl 
comprising the apparatus for measuring an optical 
characteristic shown in FIG. 4. 
[FIG. 6] 

A view showing the configuration of the apparatus for 
measuring an optical characteristic used in Example 5 of the 
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present invention. 

[FIG* 7] 

A view showing the configuration of the apparatus for 
measuring an optical characteristic used in Examples 6 and 7 
of the present invention. 

[FIG. 8] 

A top plan view schematically showing the apparatus 
for measuring an optical characteristic shown in FIG. 7. 
[FIG. 9] 

A graph showing the relation between the output 
signal from the photosensor and the distance from the bottom 
of the sample cell to the lowermost part of the solution 
surface or the elapsed time since the start of the dropping of 
the sample solution in Example 6 of the present invention. 
[FIG. 10] 

An enlarged view of FIG- 9 showing the value of the 
output signal S from the photosensor at around 0 V, when d = 
10 to 12- 

[Explanation of Reference Numerals] 
1, Skeleton of sample cell 

*-~:^*^&v*r?.i:±j.?jv'-.: v,.... .... . Solution SUTf ace* f^ T >" ■•■^.-•i • ^' ^- v.*---" 

3. Funnel 

4. Electromagnetic valve 

5. Pipette 

6 . Semiconductor laser module 

7. Substantially parallel light 
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8. Photosensor 

9 . Computer 
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